
Irtt: Fermi National Accelerator Laboratory 

TM-1487 

Reflectometer for Reflectance Measurement of 
Cherenkov Counter Mirrors 

Eugen Beck, George Coutrakon, Frank Juravic, 
Kam Biu Luk, and Dan Snee 

Fermi National Accelerator Laboratory 
P.O. Box 500, Batavia, Illinois 60510 

October 1987 

a Operated by Universities Research Association Inc. under contract with the United States Department of Energ) 



Reflectometer for Reflectance Measurement of 
Cherenkov Counter Mirrors 

Eugen Beck, George Coutrakon, Frank Juravic, 
Kam Biu Luk, Dan Snee 

The Physics Department was asked by E-665 and E-756 to build a 
reflectometer to give them a means of checking the reflectance of their 
mirrors. A reflectometer was built modeled after the one constructed by 
Rutherford-Appleton Laboratory in England. The attached is an exerpt 
from “The Design of the Optical Components and Gas Control Systems of 
the CERN Omega Ring Imaging Cherenkov Detector” by R. J. Apsimon et 
al., published in Nuclear Instruments and Methods in Physics Research 
A241 (1985) 339-362 North Holland, Amsterdam. The Physics Department 
has an instruction manual for operating the reflectometer. 
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4.3. Meanucmrnr o/ mirror rcJ?eclivirirr 

The reflectivity of the minon ws merrwcd ~1 the 
Rulhcrford Appleton Laboratory ails the specially dc- 
signed rcflec,omc,cr show in figs. 16 md 17. This 
device is unique in design in lha, i, Alows Ihe ~~flcctiv- 
ity of large curved mirrors 10 k masUed a1 UIy p-S31 
on their surfacer, md has m inlcgrll laser llignmcnt 
syrtcm. The minor under 1~11 is a,,achcd via ilr mount- 
ing ring to a movcable platform md scaled in10 a 
vacuum vcswl inside which i, Un Lx roLa,cd through 
360” md uanslatcd along half a diamclcr (fig. lea). The 
VW principle of opcratioo of tbc rc~cx3omcta is shown 
di~grmmically in fig. 19. Ulnuatiolc, ligh, from F dcu- 
1cIium arc pasrcs through a wavclcngth-sellag “acuum 
UY monochmmior and cn,cn (he dnice. 10 be rcflcctcd 
- dcpcnding on 1hc mirror configwation - betlvocn ,hc 
movcablc plane mirrors md the mirror unda 10, be- 
fox being dc,cctcd by LO invnsity-mcasti~ pho,~ 
muhipticr lube coatcd wilh p-,aphalyl wwclcngth 
shifter. In the W configuration the uv beam - wiuith a 
spot six of 5 mm - is rcnK,ad from Ihc M mirror 
surface at an angle of 10’ from 1~0 poinls 44 mm apan 

inject 8 laser bum into the minor systm Via a pti Of 
45* ,,,~cd minors (fit. Mb). The alignmcn, wu ad- 
justed umd the laser bum crossed pndcccrmincd pointi 
on ,wo ,rl"rl"cen1 luge1s mounted near the outpu1 
port, ‘Ibir ,ncro, lhal the rcncclomc1a axis was mr- 
rcctly digned in position and angle. and chc tvo afign- 
met,, n,imxs could be swung out of the pUb of ch “” 
beam ready for lllca.s”rcme,,ts ,a begin. r mx==Y. u 
pm of ule alignmm1 procuke. the p1lne of the vs1 
mirror could be adjusted by mcllls of a 3-poinC moUn,- 
ing on the YLLcuum vcssd support tntck (fig. 1v nli.5 
was fi(1.d pt-inkly 10 allow mirrors of difrcrmt radii of 
clJrva,vc lo he mcasud; Ibe minor plane &Ad bc 
lilted to corn-lc for ,hc change in radiUS. 

Great care wuas taken to cmurc that the movcablc 
components in the rctlcctomctcr were comxtly aligned 
so that intensity mcas-cats were always made a., the 
sarnc point on the phokxxlhodc. Provision was made 10 

In oomml operation. the dlstomcta va.cuum vawl 
was cvacuA,cd 10 10 -’ mbar ,o climina,c Ihc absorb&m 
of UY by oxygen and WBIP vapour. which banmcs 
saious a1 wweleng,hs below 195 run 

The mirrors vclc SC, up in ,hc v rcfaena mnfigura- 
tioo and the intcmity rnca~$ firstly Ova . m%c 
170-230 nm in 5 nm steps. ne wavclag?h wan was 
lhcn qe&d in the w c.mfigluation Ah the “Y beam 
b&g rcflalcd from the cenuc of the Lea, ,Dirrm, all 
data b&g vamnittcd to m on-line mmputcr over a 
CAh4AC da,away so that rcflativitia could quickly bc 
cdcula,cd at each wvavclcnglh. Rckctiti,y mcasurc 
mcnts were then tdkm a1 L further 9 points cm each 
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fig 1% (L) Mcrhcd of -“ring rcnatitilics I1 difrucnl 
p&m on . mima surf.cc. (a) man view of rc”cc,omacr 
sbotig lbc ker d&“c”1 sysm”. 

mirror, a1 3 points spaced at 120* intervals at radii of 
10. 20 and 25 cm. The two uv impaci poin,s on the (es, 
mirror were 22 nun tangentidly cquidismnt from Ihc 
no”siMl “las”rclnc”1 posilioN. 

Fig. 3 shows the average reflectivity as a function of 
wavelength for the 80 mirrors. each of which ha been 
measured at 10 positions. No systcma,ic gmmctrical 
variation of dkdtity was yen in the mirror mpk. 
and the variations bctwccn individual mirrors were gcn- 
crdy less than 3%. f,cwsionally. however. a “bad 
mat” was applied to a mirror which rhowcd up as a 
dramatic rcduc,ion in rcflcc,ivi,y. particularly b&w 
200 m. In these few caszs i, was, howcvcr. possible ,o 
rcm~vc the dcfoc,ivc coating according 10 the following 
prcccdurc: 
i. Wash ti,h 1% nilric acid in distilled wa,cr ,o rc- 

move MgF, coxing. 
ii. Wash with 1% radium hydroxide in distilled water 

to remove ahninium wah~g. 
iii. Wash with dcrcrgcn,. 
iv. Wash with distilled wa,cr. 

All mirrors recrated af,cr being washed in this way 
gave “second pars” rcflatiti,ics cmircly consis,cn, with 
the cwvc of fig. 3. All the mirrors used in the RICH had 
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Fig. 19. Tbc VW pfilxipk d opcr.licm of the rcooctm”c,u. 

a minimum average rdkaitity of 75.3% 11 170 nm and 
88% .I 2x3 nm 

Tests were made to a,ablish whelhcr m&r rcflcc- 
tivitia dc,crioratcd signilicamly with time. Over a pxiod 
of 15 months. no significant deterioration was seen in 
the reflcaivity of P test mirror that had bocn stored in a 
pr01ativc wooden crate undu normal labora,ory condi- 
tions of ,cmpcraturc and humidity (fig 20). WC believe. 
therefore. that no deterioration of mirror surfaces is 
likely 10 cxcur in Ihc clan ?,mospherc of chc RICH 
(sat. 5). Al .,I times minors were handled wi,b gloved 
hands, avoiding any contact wilh Ihc mated surface. 
and care was tic,, ncvcr to breathe directly on Lhcm. 
sincz it would have bcco impossible u) rcstorc Ihc 
rcfktivily of a blemished surface ti,houl a mmplclc 
rCC0.l. 

4.4. The mcomw~mcn~ of mirror oprical disronionr 

Tltc design rcquircmcnt tit Ihe pain, error on each 
Chcrmkov photoclatron sbotdd no, cxaul 3 mm gave 
us a criterion with which to specify Ihc maximum 
rllowablc optical distortion of each mirror. Given the 
likely contributions to Ihc spatial resolution from olhcr 
factors it was demanded that optical distortions at the 
focal plant conuibu,c II most +I mm lo the pain, 
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Fib 20. Dcgradxio. al UY rctlatitity with time. 


